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This thesis presents the design and development of a novel soft 3 axis force sensor. It was 
developed to be used in soft anthropomorphic tactile fingertips. Additionally, we present 
applications of the sensor in texture classification and object manipulation. The sensor was 
constructed after identifying the design requirements of the tactile system needed for a robot to 
perform both dexterous object manipulations and environment perception. The human tactile system 
was taken as the basis for the analysis. Finite Element (FE) models of biological fingers, 
experimental artificial fingertips and information obtained from previous literature were used to 
identify the requirements. The analysis pointed out that the force and vibration modalities were vital 
for tactile sensing while the placement of the sensors between the soft layers, the sensitivity of the 
sensors, and the sensor density were important factors to be considered.  
Literature survey about tactile fingertips pointed to a void in tactile sensors that 
sufficiently satisfied all the above requirements. Thus, a novel soft three axis force sensor was 
developed. The sensor had a cylindrical cantilever beam made of silicone rubber that compressed 
and bent when normal and tangential forces were applied. The displacement of the beam’s end was 
calculated by measuring the change of the magnetic field emitted by a permanent magnet embedded 
in the soft beam at fixed points in space. Spring theory and bending theory were used to calculate 
the normal and tangential force components. The sensor was capable of measuring forces as well as 
detecting vibrations in the frequency range of 1 - 500Hz. It could be fixed under the soft layers of 
the fingertip without wires obstructing the measurements. The design, development and 
characterization of the above sensor were reported.  
Next, this force sensor was used for developing a robot gripper to manipulate objects 
dexterously. The sensor system provided information about applied force and vibrations happening 
at the fingertip object contact surface that could be used in controlling the grip force.  
Finally, the force sensor was used in texture classification experiments to illustrate that the 
proposed sensor and the tactile system was capable of performing environment perception tasks. A 
robust classification algorithm that utilized support vector machine was presented. 
